glucoamylase gene was not expressed in yeast cells, we have cloned a glucoamylase gene from a CDNAlibrary prepared from Rhizopus mRNA. Sequence analysis of both glucoamylase genes revealed that the genomic gene contained 4 intervening sequences and the CDNAgene lacked 145 nucleotides corresponding to the N-terminal region. The glucoamylase consists of 604 amino acids including a putative signal peptide and its molecular weight was calculated to be 65,000. The glucoamylase gene to be expressed in yeast cells was constructed by recombination of both genes. The yeast cells containing this constructed glucoamylase gene secreted the glucoamylase into the culture fluid and grewat almost the normalrate on a mediumcontaining starch as the sole carbon Generally, fungal glucoamylases are knownto exist in multiple forms varying in size. A few distinct forms of Aspergillus glucoamylase are produced by differential RNA splicing events.2'3* On the other hand the multiple forms of Rhizopus glucoamylase are thought to arise from limited proteolysis. 4'5) Recently, the genes coding for the glucoamylases of Asp. awamori2) and Asp. niger3) were cloned and it was discovered that their structures were the same. Glucoamylases are especially useful in saccharifying starch in commercial alcohol production. The deduced amino acid sequence corresponds completely to the known amino acid sequence of the peptides from glucoamylase (Fig. 3) . For instance, the N-terminal amino acid sequence of the mature glucoamylase, Ala-Ser-Ile-Pro-, was found at residues 26~29, suggesting that the glucoamylase contains a signal peptide. The putative signal peptide contains 16 hydrophobic amino acids including N-terminus methionine. The basic amino acid lysine is located at the 9th position from 10  20  30  40  50  60  70  80  90  100  110  GATCTCAATT  TGTGTTGTGA  TATATTCAGA  TTTAAAATTT  CAAACATATA  TAAGACGCGT  TTATTTCCTC  GTTTTTCAAA  AATCATCACT  TGTCTTCAAA  TTGATCTTTC  TCTA ATG  MET  120  150  180  210  CAA  CTG TTC AAT TTG CCA TTG AAA GTT TCA TTC TTT CTC GTC CTC TCT TAC TTT TCT TTG CTC GTT TCT GCT GCA AGC ATT CCT AGT AGT  GCT TCT  GLN  LEU Fig. 3 . The Nucleotide Sequence for the Rhizopus Glucoamylase Gene. The intervening sequences are shownin small letters. The predicted amino acid sequence is shownunder the nucleotide sequence. (The putative signal peptide is shown by capital letters.) The amino acid sequences found for peptides derived from the glucoamylase are underlined. The nucleotide sequences hybridized with glucoamylase-specific synthetic 14-mer probes are overlined.
the N-terminus of the signal peptide and the signal peptide is cleaved between Ala-Ala at the 25~26th position. These features are consistent with those of other signal peptides.18)
The C-terminal sequence, Ala-Ala, is located just before the stop codon TAA.The 3'-noncoding region is A-T rich and contains the nucleotide sequence AATAAA that has been (e) Expression of the glucoamylase gene in yeast
The genomic glucoamylase gene was not expressed in yeast, probably due to the existence of the intervening sequences. The CDNA glucoamylase gene also is not expressed due to the lack of the N-terminal coding sequence. Therefore weconstructed a glucoamylase gene which could be expressed in yeast cells (Fig. 4) . The resulting recombinant plasmid pCGA449 contains both the 5'-and the S'-noncoding sequences and the entire glucoamylase coding sequence without the intervening sequences. To examine the expression of the constructed glucoamylase gene, the shuttle vector pYGA201 was constructed (Fig. 5 ). pYGA201 consists of the glucoamylase gene from pCGA449, a replication origin derived from yeast 2 fim DNA, and selectable markers (ApR for E. coli and LEU2for yeasts). This plasmid was introduced into Saccharomyces cerevisiae XS-30-2B (MATa trp\ leul his3 ura3). Transformants grew at nearly the normal rate in a mediumcontaining starch as the sole carbon source and secreted the glucoamylase into the culture fluid. These results have already been reported in another paper. Only one band was detected in the HindlW fragments of Rhizopus DNAwhen the DNA fragment derived from the genomic glucoamylase gene was used as a probe (data not shown). The N-termini of Glucl, Gluc2, and Gluc3 were alanine, glutamic acid, and lysine, respectively. Judging from both carbohydrate contents and amino acid compositions of Gluc2 and Gluc3, 4'5) the N-termini can be assigned to glutamic acid at the 134th residue for Gluc2 and lysine at the 85th or the 91st residue for Gluc3. All three forms of glucoamylase hydrolyze gelatinized starch at similar rates, but only the largest one (Glucl) is able to adsorb to raw starch and degrade this substrate. It seems likely that the N-terminal region of the Rhizopus glucoamylase must be involved in raw starch adsorption and degradation.
The constructed Rhizopus glucoamylase gene containing the 5'-flanking sequence and the entire coding sequence without the intervening sequences was expressed in the yeast cells and glucoamylase was secreted into the culture mediumas shown previously. These results indicate that the 5'-flanking region of Rhizopus glucoamylase gene promoted gene expression and the signal peptide functioned properly in yeast cells. Howeverthe expression level of glucoamylase in these yeast cells is not sufficiently high enough to allow the practical production of glucoamylase and ethanol from raw starch. High level expression of glucoamylase in yeast and efficient ethanol production from starch materials are nowin progress and will be reported elsewhere.
